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Introduction
Recently, Fred Davis (1989) published the results of a study that developed and validated new scales for two constructs, perceived usefulness and perceived ease of use, which are hypothesized to be fundamental determinants of user acceptance of information technology. There is a wide variety of ways in which these measures can be applied. In application settings they may be used by systems designers to obtain user feedback on different system features or design approaches, or they may be used after implementation of a system to diagnose problems in user acceptance. Similarly, these scales may be used in organizations to make selections between contending software packages. In addition, by examining ratings of different user groups for the same software, the scales might be used to determine problem areas in acceptance or deficiencies in training.
These measures may also be used by researchers interested in understanding factors that influence the success of information systems. More
MIS Quarterly/June 1992 227
Increasing Systems Usage generally, they will likely be used in studies within and across organizations by researchers who are interested in understanding the diffusion of information technology and the determinants of technology adoption. Given the potential wide usage of these measures by both IS practitioners and academicians, it is important to conduct studies that further test the psychometric properties of these scales and examine their relationship to system usage.
The purpose of this paper is to present the findings of two studies that replicated Davis' work and test the validity of the ease-of-use and usefulness scales using independent samples for a variety of technologies. In Study 1 they include:
* Electronic Mail (E-Mail) * Voice Mail (V-Mail)
In Study 2 they include: * Word Processing * Spreadsheets * Graphics Study 1 extends Davis' (1989) work by examining the applicability of the ease-of-use and usefulness scales to two classes of messaging technologies (electronic and voice mail) across 10 different organizations. To the extent that Davis' study also examines a messaging technology, examination of E-Mail and V-Mail provides a useful comparison as well as a point of departure to study other technologies. Davis examines one implementation of an electronic mail system (PROFS) and compares it to one editor (XEDIT) at one company (IBM), yielding a comparison between two very different products for one homogeneous group of users. By contrast we compare two similar technologies (voice mail and electronic mail) for a heterogeneous group of users (across organizations), providing a strong test of the convergent and discriminant validity of the ease-of-use and usefulness scales. On the one hand, one might expect the scale responses to differ because the user groups and system implementations are diverse. Such high variability makes it more difficult to establish convergent validity. On the other hand, the perceived homogeneity between voice and electronic mail provides a strong test of discriminant validity since users may be expected to have similar overall perceptions of the two technologies (Panko, 1983; Paznik, 1987; Straub and Wetherbe, 1989) . If the scales show good convergent and discriminant properties under these conditions then the validity of the scales can be better established.
Study 2 takes a different approach. Rather than studying technologies that share similar functional characteristics, we compare perceptions of the three leading microcomputer software packages: WordPerfect, Lotus 1-2-3, and Harvard Graphics. These packages were chosen because each is the leader in its respective market and, therefore, more likely to be highly rated with respect to the two constructs, ease of use and usefulness. Given that a primary application of the two scales is to allow a comparison of alternative products, it is important to establish their ability to discriminate across applications. The strongest test of discriminant validity occurs when the scales are applied to technologies that are likely to be given similar ratings. The next section provides a description of the first study, including construct measurement, instrument administration, reliability and validity assessment, and a discussion of the relationship between ease of use, usefulness, and usage. The following section describes the second study in a similar format. The final section discusses the results of both studies and their implications for research and practice.
Study 1-Electronic and Voice Mail
Study 1 examines the relationships between ease of use, usefulness, and usage for users of both voice and electronic mail systems. These systems share many common functions, i.e., both support asynchronous message exchange and can facilitate new forms of communication in organizations (Rice and Steinfield, 1991) . In the minds of many practitioners and academicians the two technologies are often described together, and their impacts are thought to be similar (see for example, Straub and Wetherbe, 1989 Trying to assess the validity of measurement scales for ease of use and usefulness raises a key area of concern-the ability of the scales to discriminate between alternative systems or system features in support of evaluation. To test the effectiveness of scales to discriminate, it makes sense to examine alternative technologies that share many common attributes. If the scales are sensitive enough to discriminate between highly similar technologies, it is likely that they will also work well for the evaluation of more disparate technologies.
Measuring usefulness, ease of use, and usage
The measurement scales used in this study were adapted from Davis (1989) . Other than changes in wording to fit the specific technologies studied in this article, no changes were made to the usefulness scale. However, two items were deleted from the ease-of-use scale. The first was item four in the Davis scale, "I would find to be flexible to interact with." Item four was eliminated for several reasons. First, Davis points out that the item does not correlate well with some other measures of ease of use. Also, it can be argued that flexibility actually reduces ease of use to the extent that it provides users with a greater number of decisions to make during interaction with the system (Goodwin, 1987; Silver, 1988) . Furthermore, a test of Davis' ease-of-use scale found that flexibility actually had a negative item-to-scale correlation (Moore, 1989) . Item five from Davis' scale, "It would be easy for me to become skillful using was also deleted because a study reported in Moore (1989) found this item to have a low correlation to the rest of the scale.
Usage was measured by asking respondents to record the number of messages they had sent and received on the previous working day, as well as the number they sent and received on a typical day. These two measures were highly correlated (r = .92). A factor analysis also indicates the factorial validity of the scales. The factor loadings are shown in Table 3 . Based on a varimax rotation, the 10 items divide cleanly into the two factors, ease of use and usefulness, as they did in the analysis reported by Davis. This provides further evidence of the validity of the two scales.
Overall, it appears that the ease of use and usefulness scales developed by Davis fared well in this replication. The results demonstrate essentially the same reliability and validity characteristics even though they are based on a different and more heterogeneous sample that evaluates a class of technology rather than a specific application. This is important because it indicates the general applicability of these scales for different types of research questions. The next section discusses the relationship between ease of use, usefulness, and system usage.
Relationship between ease of use, usefulness, and usage
As discussed by Davis, ease of use and usefulness are thought to be potentially important determinants of system use. This is also consistent with the views of Rogers ( (Markus, 1987) . This makes the study of the determinants of usage particularly appropriate for these technologies.
A second, more subtle problem in examining the determinants of use is the notion of "captive use."4 Even when usage is not strictly required as part of a job there may be no alternative but to use that system to effectively complete the job. Thus, the user's attitude might be "I don't like it but there's no alternative." Such circumstances should lead to an understatement of the true relationship between ease of use, usefulness, and usage since usage would be high regardless of perceptions of the other variables. Therefore, captive usage makes it less likely to uncover relationships. In this study, captive use is not likely to be an important issue because each user has several alternatives to the particular communication media employed. Indeed, for over half our sample there was a direct alternative because users had both voice and electronic mail. Thus, 4We are grateful to an anonymous referee for this insight.
a user who found E-Mail hard to use or not useful could switch to voice mail or vice versa.
The correlations between ease of use, usefulness, and usage are shown in Table 4 . Both ease of use and usefulness are significantly correlated with self-reported usage. In addition, the two measures are intercorrelated, as was demonstrated in our scale-to-trait evaluation above (see Table 2 ). These results, consistent with those reported by Davis for electronic mail, indicate the merit of examining the two constructs as factors that may be related to system use. The coefficient of determination for the independent variables, ease of use and usefulness, is 0.98, and for usage 0.93 for both the E-mail and V-mail models. These numbers provide further evidence of the overall reliability of the measurement model. novation (Rogers, 1983 
Structural equation analysis was performed using LISREL to test the

Study 2-WordPerfect, Lotus 1-2-3, and Harvard Graphics
In this study the psychometric properties of the ease-of-use and usefulness scales are assessed by examining user ratings of WordPerfect, Lotus 1-2-3, and Harvard Graphics. The rationale for using these packages as the basis for comparison was that each was the best-selling package of its type during the time this study was undertaken. Based upon their popularity it would be reasonable to assume that these packages would be rated relatively high in terms of both ease of use and usefulness. Comparison of packages that are expected to be similarly rated provides a strong test of discriminant validity (Bagozzi and Warshaw, 1990). Since one of the important applications of these measures is to compare different software packages, it is important to establish the ability of the scales to discriminate.
Measuring usefulness, ease of use, and usage
The scales used in Study 2 were the same as those used in Study 1 except that the ease-ofuse item, "It was easy to become skillful using ," was added to the questionnaire. A second ease-of-use question relating to recall-"It is easy to remember how to perform tasks using "-was also added. This was done because we felt that the deletion of items in Study 1 was based on other validation work that, in fact, should have been given no more, or less, weight than the initial information provided by Davis (1989) . The two additional items make the ease-of-use scale directly equivalent to that used by Davis.
Usage was self-reported and was measured in two ways. First, respondents were asked to rate their usage on a six-point scale ranging from not at all through daily. Second, respondents were asked how many hours they used each package in the last week. Correlations between these two measures were 0.52 for WordPerfect, 0.57 for Lotus 1-2-3, and 0.47 for Harvard Graphics. All three correlations were statistically significant at p = 0.001; however, it should be noted that these values are lower than those in Study 1.
Instrument administration
The questionnaire was administered in a business school computer lab to undergraduate and MBA students. The lab is not used as an instructional facility; that is, students who are learning new software packages do not typically use the lab. Rather, it is intended to support the preparation of assignments, presentations, and papers for various courses. Thus, the users of this facility are typical of end users who are using computer tools to support their day-to-day work.
Questionnaires were distributed over a one-week period, approximately three-quarters of the way through the winter term, which runs from early January to the middle of April. Respondents were asked to complete the scales for each of three packages (WordPerfect, Lotus 1-2-3, and Harvard Graphics). For each package that was evaluated by the students there was an alternative (equivalent) package available. Microsoft Word (and Word for Windows) was available as a word processing alternative. Excel was available as a spreadsheet alternative. A number of drawing packages, including Freelance, CorelDraw, and DrawPerfect, were also provided. In addition, there were a small number of Macintosh worksta-tions in the lab, each equipped with equivalent packages to support word processing, spreadsheet analysis, and presentation graphics. Thus, students always had a variety of packages to choose from, regardless of application need. It should be noted that in no case were students required to use a specific package for a course. When the students were advised to use a spreadsheet or word processing package, usage of a specific package was not required. Furthermore, in no case was the use of Harvard Graphics or any presentation graphics package mandated by a course. Rather, students used such systems in an attempt to improve the quality of their presentations and course submissions. Although there may have been competitive pressure to use computer tools to keep up with classmates in terms of production quality, such pressure would be very similar to what might be encountered in a workplace where similar personal productivity tools are employed. Other research has indicated that subjective norms may lead to pressure to use the technology available (Moore and Benbasat, 1991).
Seventy-three completed questionnaires were returned to a lab attendant. Of the 73 respondents 64 were experienced with WordPerfect, 67 were experienced in using Lotus 1-2-3, and 54 were experienced with Harvard Graphics. Forty-eight respondents used all three packages. On average, the respondents had been using WordPerfect for 28 months, Lotus 1-2-3 for 33 months, and Harvard Graphics for 13 months.
Assessment of reliability and validity
The reliabilities for each scale by software package are shown in Table 6 . The usefulness and ease-of-use scales show high levels of reliability. For each of the packages the value of Cronbach's alpha is above 0.9 for both ease of use and usefulness. The value for Guttman's lower bound (Guttman, 1945 To test for discriminant validity we followed the procedure outlined for Study 1 in the second section. Using a six-item scale, 900 comparisons were made for each package. For the usefulness scale there were 101 cases out of 2,700 comparisons (3.7 percent) where an item correlated 
Relationship between ease of use, usefulness, and usage
The correlations between ease of use, usefulness, and usage are shown in Table 8 . Both ease of use and usefulness are significantly correlated with self-reported frequency of usage (p < .001). In addition, the two measures are intercorrelated.
As was the case for Study 1, structural equation analysis was performed using LISREL to test the a priori model shown in Figure 1 . In general, the fit characteristics of the model are poorer for all three technologies than was the case in Study 8 It is unclear why these two questions load on both factors. It could be that the more limited experience of the respondents with Harvard Graphics makes it more difficult for them to distinguish between ease of use and usefulness. In addition, both of these items have some aspect of "ease" in them ("easier to do work" and "work more quickly") and thus may cause confusion to some extent. Table 9 . In each case the Chi-square analysis is significant, indicating a lack of fit. However, the value of Chi-square divided by degrees of freedom is approximately 2.5 in each case, which is below the cutoff value of 5 suggested by Increasing Systems Usage Ei represents the ease-of-use items from the questionnaire. Ui represents the usefulness items from the questionnaire. Another interesting result is the inconsistency between models in terms of the relative importance of ease of use and usefulness. Two issues are important. First, why would ease of use be important in some cases and usefulness in others? Second, and perhaps more perplexing, why are ease of use and usage ,negatively related as indicated by the Lotus 1-2-3 results? It is unlikely that differences among the users account for these differences in response since, in the majority of cases, the same users evaluated all three packages. Further, it is difficult to argue that the harder a package is to use the more it will be used.
The various goodness of fit measures are shown in
The observed differences in the relative importance of ease of use and usefulness cannot be completely accounted for, though a possible explanation is that the user's level of experience with the package influences the relative importance of ease of use and usefulness. The questionnaire indicated that respondents had an average of 13 months experience with Harvard Graphics. By contrast they had been using Lotus and WordPerfect twice as long. The level of use of Harvard Graphics was also lower than for the other packages. The importance of ease of use as a determinant of the intention to use a software package is significant early in the use of the package but becomes non-significant after more prolonged exposure on replication, refinement, and development of models and measures. We believe this paper is one further step, albeit a small one, in this direction.
